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Two methods of determining the rate of breakdown of proteins,  fats, and carbohydrates  by 
enzymes of the digestive t r ac t  are  described.  The f i rs t  method used capacitance, the second 
inductive sensors .  These sensors  are ca r r i ed  in tubes connected by wires to the recording 
apparatus,  or  in endoradioprobes (radio capsules}. 

An important  problem in contemporary  gas t roenterology is the study of the course  of enzymic b reak-  
down of nutrient substances along the course  of the gas t ro- in tes t ina l  t r ac t  in man under normal  and patholo- 
gical conditions. For  reasons  which will be perfect ly  understandable,  E. S. London's method, using multi-  
ple fistulas, cannot be used for human investigations, and as yet there are no methods which can be used 
to study the rate of breakdown of nutrient substances by digestive enzymes in the human stomach and intes-  
tine. 

The object of the investigation descr ibed below was to develop methods and an apparatus for de ter -  
mining the rate of digestion of individual nutrients (proteins, fats, and carbohydrates} in the human stomach 
and intestine. A determination of this type will provide c r i t e r i a  for assess ing  the activity of proteolytic,  
lipolytic, or  amylolytic enzymes.  

Determination of the rate of breakdown of individual nutrients by radiote lemetry  or  by a method using 
conducting wires has the great  advantage that the investigation can be undertaken without removing the con- 
tents of par ts  of the digestive t rac t  for chemical  analysis.  The most  difficult problem in such an invest iga-  
tion is the method of e l ec t romet r i c  determinat ion of breakdown of protein, fat, or  carbohydrate.  Biochemi-  
cal methods usually used to imrestigate enzyme activity outside the body, in vitro, were c lear ly  unsuitable 
for the present  purpose. 

The attempts of Marchal [2] and Jacobson [1] to develop a method of radiote lemetr ic  determination of 
the rate of breakdown of nutrients in the digestive t rac t  are  descr ibed in the l i terature.  However, the 
methods suggested by these workers  were not sufficiently sensitive or  accurate,  and they therefore  have 
not become widely adopted. 

When considering a method of e lec t romet r ic  determination of the rate of breakdown of nutrients which 
could be used in connection with ei ther  a conducting wire sys tem of communication or  a radio capsule, it 
appeared that this problem could be solved in two completely different ways. 
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Fig.  1. C h a r a c t e r i s t i c s  of changes in 
capac i tance  of s e n s o r  during enzymic  
hyd ro lys i s  of fat. The nea r  coincidence 
of the curves  r eco rded  by 3 d i f ferent  
s e n s o r s  i s  shown. Ordinate:  c apac i -  
tance in pF.  
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Fig.  2. Curve i l l u s t r a t i ng  cou r se  of 
breakdown of fat  r e c o r d e d  by a radio  
capsule  in the human duodenum (the 
radio  capsule  was fixed to the end of 
a thin tube}. 

The f i r s t  way is based  on the fact  that  p ro te ins ,  fats,  and 
p o l y s a c c h a r i d e s  a r e  d i e l e c t r i c s ,  and if in t roduced between the 
p la tes  of a capac i to r ,  they give i t  a defini te  capaci tance.  As 
these  subs tances  are  broken down, the i r  d i e l e c t r i c  p r o p e r t i e s ,  
cons is tency,  and amount undergo changes,  leading to changes in 
the capaci tance  of the condenser .  This method was found to be 
sui table  for measur ing  the ra te  of breakdown of some l ip ids ,  
but unsui table  for  studying the d iges t ion  of p ro te ins  and ca rbohy-  
d r a t e s ,  because  the l a t t e r  swell  r ap id ly  under  the influence of 
acid o r  a lkal i  in the d iges t ive  ju ices ,  so that t he i r  d i e l e c t r i c  
p r o p e r t i e s  change rap id ly  independently of t h e i r  breakdown. 

The second method of de te rmin ing  the ra te  of breakdown 
of nut r ients  was based  on the use of an inductive sensor .  This 
was developed by the w r i t e r s  in 1967 and independently and at 
about the same t ime by a group of Japanese  w o r k e r s  [3], who 
d e s c r i b e d  i t  at the 7th In terna t ional  Congress  on Medical  and 
Biologica l  Engineer ing in Stockholm in 1967. This method is 
mainly intended for  r eco rd ing  the cou r se  of hyd ro lys i s  of p r o -  
te ins  and po lysaccha r ides .  In this  method, a l a y e r  of hea t -  
dena tured  p ro te in  or  of a dense  s t a rch  gel mixed with f e r r i t e  
powder  is  p laced  above the inductance coil .  This l a y e r  con-  
s t i tu tes  the core  of the inductance coil .  In the cou r se  of hyd ro -  
l y s i s  of the p ro te in  o r  ca rbohydra t e  the f e r r i t e  powder  i s  
l i be ra t ed  f rom i ts  mechanical  connection with the p ro te in  o r  
s t a rch  and p a s s e s  into the sur rounding fluid, so that  the induc-  
t ive impedance  of the coil  i s  changed. 

In cons t ruc t ion  the s e n s o r  cons i s t s  of a sma l l  chamber  
1-2 mm in depth and with an in te rna l  d i a m e t e r  of 3-5 mm. In 
the capac i t ive  s enso r  one p la te  of the condense r  is  p laced  on the 
f loor  of the chamber ,  while the o ther  p la te  fo rms  a r ing around 
the p e r i m e t e r  of the chamber .  In the induct ive sensor ,  the coil  
is  p laced  above the f loor  of the c ha m be r  containing a l a y e r  of 
p ro t e in  o r  s t a r ch  gel mixed with f e r r i t e  powder.  Since the cham-  
b e r  is  open on one side,  the f e r r i t e  powder  can e a s i l y  be r e -  
moved f rom it. 

The choice of s u b s t r a t e s  sui table  for this  method was a 
diff icul t  p roblem.  When choosing the fat, the following r e q u i r e -  
ments  had to be cons idered :  at body t e m p e r a t u r e  the fat must 
be solid to p reven t  i t  f rom escaping  f rom the chamber ;  a t  the 

same  t ime ,  i t  must  be hydro lyzed  reasonab ly  rap id ly  under  the influence of l ipase .  Af te r  p r e l i m i n a r y  
expe r imen t s  .it was decided to use  hydrogenated  sunflower or  cot tonseed oil ,  with a mel t ing point of 
41 ~ . Choice of p ro te in  r e s t ed  on t h e r m a l l y  denatured  hen ' s  egg albumin. 

Two types  of appara tus  were  des igned for  r eco rd ing  the ra te  of breakdown of p ro te ins ,  fats,  o r  
po ly saccha r ide s .  In each of them, one of the s e n s o r s  de sc r ibed  above (capaci t ive or  inductive} could be 
used. In one method the in format ion  was t r a n s m i t t e d  along wi res ,  and in the o ther  by a radio  link. In the 
f i r s t  appara tus  the s e n s o r  was p laced  at the end of a thin tube and was connected by thin w i re s  to an appa ra -  
tus for  de te rmin ing  capac i tance  or  inductance.  In the second appara tus ,  the capac i t ive  or  inductive sen-  
s o r  was p laced  at the end of a rad io  capsule  and connected to a gene ra to r .  With a change in capac i tance  o r  
inductance of the s enso r  the f requency of osc i l l a t ions  f rom the g e n e r a t o r  is  var ied .  This t akes  p lace  during 
decomposi t ion  of the fat  in the capac i tance  s e n s o r  or  r emova l  of the f e r r i t e  powder  mixed with the hydro -  
lyzed  p ro te in  or  po ly saccha r ide  in the inductive sensor .  

Both types  of s e n s o r s  in the methods using conducting wire  o r  rad io  communica t ion  were  t e s t ed  in i -  
t i a l ly  in expe r imen t s  in which the subs t r a t e  was hydro lyzed  in v i t ro .  F o r  th is  purpose ,  the s e n s o r  located 
at  the end of the wire  o r  mounted in the radio  capsule  was p laced  in a t e s t  tube containing g a s t r i c  ju ice  or  
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Fig. 3. Cu~ 'es  showing rate of hydro-  
lysis  of egg albumin recorded  by in-  
ductive sensor  introduced through a 
fistula into the duodenum of a dog or  
placed in a tes t  tube containing act i-  
vated pancreat ic  juice. Ordinate: 
inductance in ~II. 

activated pancreat ic  juice, and the course  of changes in the mea-  
sured e lec t r ica l  pa rame te r  (capacitance or  inductance) was de- 
termined,  or  the deviation in frequency of the radio capsule 
genera tor  produced by these changes was recorded.  These ex- 
per iments  showed that, provided constant experimental  condi- 
tions are  maintained (identical e lect r ical  pa rame te r s  of the 
sensor ,  identical thickness of the layer  of fat, protein, or  
carbohydrate ,  identical tempera ture ,  and so on), the course of 
breakdown of the tested substance was the same, and the results  
were reproducible (Fig. 1). 

After  these results  had been obtained in vitro, it was pos-  
sible to move on and to investigate the rate of digestion of 
nutrient substances inside the digestive t rac t  of the dog and man. 
In experiments  on dogs, the tube or  radio capsule was introduced 
into the stomach or  duodenum through a fistula tube. In the 
human investigations the radio capsule was introduced on a thin 
tube into the stomach or was swallowed by the patient and passed 
freely along the length of the gas t ro- in tes t ina l  t ract .  The curve 
obtained by plotting the course  of hydrolysis  of fat recorded by 
means of the radio capsule with a capacitive sensor  is shown in Fig. 2. 

The rate of breakdown of all these investigated subst ra tes  was much higher when determined in vivo 
than in vitro. In other words, following introduction of the sensors  into the digestive t ract ,  the changes in 
capacitance or  inductance were more marked than when the sensor  was placed in a tes t  tube containing 
digestive juice (Fig. 3). 

In tests  using the apparatus as developed above, the following indices of enzymic hydrolysis  of nu- 
t r ient  substances were determined:  1) the beginning of hydrolysis  of the substrate  inside the sensor  cham- 
ber;  2) the dynamics of the p rocess  or  kinetics of hydrolysis  of a known quantity of protein, fat, or  carbohy-  
drate;  3) the time when hydrolys is  of the test  substrate reached completion. 

In the course  of designing instruments  capable of measur ing the rate of hydrolysis  of the basic food 
substances in the digestive t ract ,  it was found to be necessa ry  to investigate the pH of its contents at the 
same time. All enzymic p rocesses ,  especial ly those taking place in the gas t ro- in tes t ina l  t ract ,  are highly 
dependent on the hydrogen ion concentration. So that the pH of the gas t r ic  or intestinal contents could be 
measured  at the same time as the rate of hydrolysis  of the food substances was determined,  a radiocap-  
sule to simulate two p a r a m e t e r s  was designed. The possibi l i ty of this solution was based on experience 
with the designing of double radioeapsules for recording pH and p re s su re  simultaneously. Recording of 
two pa rame te r s  results  in a more accurate localization of the radiocapsule in the digestive tract .  

For  the radiote lemetr ic  t ransmiss ion  of information concerning the rate of hydrolysis  of nutrient 
substances,  the same receiving and recording sys tems can be used as in the case of radiocapsules  with 
sensors  of pH, p re s su re ,  and tempera ture .  

The method as developed above can be recommended for physiological and biochemical  as well as for 
clinical investigations. 
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